Introduction
Hysterectomy is encumbered with significant morbidity. Postoperative infections after hysterectomy are often reported (1, 2) and arise primarily as ascending spread of microorganism from the upper vagina (3) . In order to minimize this complication a strategy to reduce the bacteria pre-and peroperatively seems relevant. Prophylactic antibiotic use is considered to significantly reduce morbidity (4, 5) . However, other measures, such as preoperative vaginal cleansing, are practiced to reduce morbidity. Vaginal cleansing was not noted in the studies mentioned above and interpretation of the results may therefore be incorrect since vaginal cleansing may have been a confounding factor.
Information concerning the effect of vaginal cleansing on postoperative infectious morbidity is conflicting and large randomized controlled studies comparing vaginal disinfection with no vaginal preparation are lacking (6) . Vaginal cleansing is not consistently used preoperatively in benign hysterectomy in all hospitals in Sweden and there seems to be a trend towards omitting it. It is therefore important to analyze whether preoperative vaginal disinfection is necessary or not in order to reduce postoperative morbidity before abandoning the practice.
By combining data from the Swedish National Register for Gynecological Surgery (7) and information from a survey on preoperative preparation routines among all clinics in Sweden conducting benign abdominal hysterectomies, we aimed to evaluate whether preoperative vaginal cleansing was associated with a reduced risk of postoperative infectious morbidity after benign abdominal total hysterectomy and to analyze associated risk factors. hysterectomy. In case the vaginal preparation had changed during the study period the clinic was required to give information about in which month and year the change had occurred. To cover the entire study period the e-mail survey was repeated in May 2008. In the first e-mail survey, the clinics were asked to report whether they used vaginal cleansing preoperatively during the period January 1, 2000 to December 31, 2005 and which disinfectant was used. In the second e-mail survey the questions were repeated and additional questions asked concerning change of routine in the period between the surveys.
Material and methods

This is a retrospective cohort study of women registered in the Swedish
A total of 7193 women were registered in the National Register as having undergone abdominal total hysterectomy on benign indication during the period and these women constituted the study group.
Data registration in the Swedish National Register of Gynecological Surgery has been carried out since 1996 and a detailed description of the register of hysterectomy on benign indications has been published previously (4) . Briefly, data in the register are collected prospectively using doctors´ forms and patient questionnaires. Patients are included in the register prior to surgery. Pre-, per-and postoperative data during the hospital stay comprise patient age, body mass index (BMI), smoking habits, date and duration of surgery, mode of skin incision, peroperative bleeding volume, occurrence of peroperative organ damage, The baseline demographics and clinical data are presented in Table I . Significant differences were observed in several aspects between the women who had vaginal cleansing preoperatively (chlorhexidine as well as saline) and those who did not, as shown in Table I .
The prevalence and associations of postoperative infectious morbidity treated with antibiotics registered at discharge from the hospital and in the questionnaire in relation to use and mode of vaginal cleansing are depicted in Tables II and III, respectively. The multivariate analyses models showed that those who had vaginal cleansing using saline solution had a significantly increased risk of lower and upper UTI, vaginal cuff infection and overall infectious morbidity (B -G) registered at discharge from the hospital.
Contrary, those who had vaginal cleansing using chlorhexidine had a significantly reduced risk of intra-abdominal infection at discharge.
The overall postoperative infection rate requiring antibiotic treatment within six weeks after abdominal total hysterectomy was 14.4% (893/6084). No significant associations were observed between postoperative infections and/or UTI within six weeks and vaginal cleansing Complete data concerning postoperative infectious morbidity in women treated with antibiotics at discharge and from the six weeks postoperative questionnaire or reported by the physician were available from 6,084 women (85%).
The predictive values of the factors in the multivariate analyses are shown in Table IV .
Vaginal cleansing using saline solution, age under 60, obesity, smoking, injury of the urinary bladder or ureter per-operatively, blood transfusion and duration of hospital stay exceeding three days were all independent risk factors for postoperative infectious morbidity. The use of prophylactic antibiotics was not an independent prognostic factor for postoperative infectious morbidity. 
Discussion
This study indicates that preoperative vaginal cleansing using chlorhexidine does not reduce the risk of postoperative infectious morbidity clinically or statistically significantly in the immediate as well as the long term postoperative period compared with no use of vaginal cleansing. In contrast, vaginal cleansing using saline solution seems to be a strong risk factor for postoperative infectious morbidity in the immediate as well as long-term postoperative period. After adjustment for other known confounding factors and vaginal cleansing, prophylactic antibiotic use was not found to be an independent risk-reducing factor for postoperative infections.
The large body of material in this study strengthens the importance of the results. The Swedish National Register of Gynecological Surgery is well described and the reliability of the patient questionnaires has been evaluated (5, 7, 8) . We obtained information on the preoperative routines of vaginal cleansing retrospectively from all clinics, participating in the register. This may be a weak point in this study, since there is a risk of recall bias. However, we believe that this problem is minimal in this study since we asked about the vaginal preparation routines on two occasions with a 2-year interval and found complete agreement between the answers. The clinical data were obtained individually whereas information about vaginal cleansing was obtained from each clinic. The compliance to the clinical routine of vaginal cleansing is not known. Usually the operation room nurse performs the antiseptic routines, including vaginal cleansing, surgical cleansing and dressing before the start of surgery in Sweden. This may speak in favor of a high compliance to the clinical routine. The results of this study are based on the assumption that compliance was complete. Although lack of data was observed in the register, there was a high completion rate (85%) from the 6-8 week follow-up questionnaire. Consequently, we assume that the results may be generalized.
To the best of our knowledge no randomized trials comparing vaginal antiseptics using chlorhexidine with other antiseptics or placebo in abdominal total hysterectomy for benign conditions have been published. Sowapat et al. compared chlorhexidine with povidone iodine in a non-randomized study but found no significant difference in febrile morbidity between the two methods (9) . In an open randomized trial comparing chlorhexidine and povidone iodine as antiseptics for vaginal hysterectomy Culligan et al. found that the chlorhexidine group had lower mean colony counts of bacteria in the upper vagina than the povidone iodine group for a longer time period after vaginal cleansing (10) . Vaginal cleansing using povidone iodine has been shown to reduce postoperative infections significantly in abdominal hysterectomy (11, 12) . However, there is still a lack of knowledge about which antiseptic is most effective in abdominal total hysterectomy and the timing of the vaginal cleansing has not been investigated. Culligan et al. (13) found that the highest bacterial colony counts in the vagina were seen 30-90 minutes after vaginal cleansing, possible implicating this as the "weakest link" of standard infection prophylaxis protocol. In our study we have no detailed information of exactly when the vaginal cleansing was carried out in relation to start of surgery or what dilution of the chlorhexidine was used. These issues may be of importance.
Lower UTI is associated with transurethral indwelling catheter use (14, 15) . We were not able to adjust our results for catheter use since no information about catheter use or duration was available in the register. Usually a transurethral indwelling catheter is used in abdominal hysterectomy in Sweden. The result should therefore be interpreted with certain precaution.
The magnitude of bacterial contamination during abdominal hysterectomy is an important determinant in the development of postoperative infectious morbidity (16) . Vaginal cleansing using saline solution has been suggested to reduce the quantity of bacteria by simple dilution (17) . In our study vaginal cleansing using saline solution seemed to be a relatively strong risk factor for postoperative infectious morbidity in the immediate postoperative course as well as in long-term. It is plausible that the possible immediate dilution effect of vaginal cleansing with saline solution on the quantity of bacteria may interfere with the recovery of the normal vaginal bacterial flora leading to a disturbed flora in the recovery period.
Surprisingly, we found that use of prophylactic antibiotics was not an independent risk factor for development of postoperative infections when adjusted for known and potential confounding factors and vaginal cleansing. Several studies have emphasized the importance of prophylactic antibiotics for reducing postoperative infectious morbidity in abdominal and vaginal hysterectomies (5, 18, 19, 21) . No adjustments were made for vaginal cleansing in these studies. The effect of prophylactic antibiotics may therefore have been overestimated. In our study we have no detailed information about type, timing, and mode of administration of the prophylactic antibiotics which may be important issues for development of postoperative infections (21, 22) . A misreport in the register of use of prophylactic antibiotics is also possible and cannot be ruled out. Our result concerning effect of antibiotic prophylaxis must consequently be interpreted with precaution.
We adjusted the results for factors known to be confounding factors for postoperative infectious morbidity after hysterectomy (5, 21, 23, 24) . Because of the obvious risk of postoperative infection with intra-abdominal intestinal bacterial contamination after intestinal injury, we also included per-operative bowel injury as an independent variable in the multivariate analyses. In accordance with other publications we found that postoperative infectious morbidity was strongly associated with age, BMI, smoking, obesity and length of the hospital stay (5, 21, 23, 24) . Injury to the urinary bladder or ureter per-operatively was also strongly associated with postoperative infectious morbidity. This may simply be explained by the prolonged use of catheter for bladder drainage during the healing time. Information about the association between excessive bleeding volume and postoperative infectious morbidity is not unanimous (21, 23) . Our study showed in accordance with the finding of DiLuigi et al. (21) no significant association between bleeding volume and postoperative infectious morbidity. Blood transfusion was a risk factor for postoperative infection in our study.
According to the meta-analysis by Vamvakas, information about this in the literature is ambiguous (25) . In the present study a large uterus was a protective factor for postoperative infectious morbidity. This may be explained by the fact that the surgeons experience influences the risk of postoperative complications (26) . Although there is no information about the experience of the surgeon in the register it may be reasonable to believe that hysterectomy of a large uterus may be surgically technically more demanding and therefore the hysterectomy is performed by surgeons with high experience. Previous studies about postoperative infections after benign abdominal total hysterectomy have not taken the size of the uterus into consideration (5, 19, 20, 23) .
It may be difficult to further reduce the incidence of postoperative infections significantly by means of improving preventive procedures such as antibiotics and disinfection. Instead, the prevention should be focused on other risk factors such as smoking habits, obesity and surgical techniques. Smoking cessation and weight reduction of obese women preoperatively could be a requirement before abdominal hysterectomy on benign indications in order to reduce the incidence of postoperative complications. Furthermore, improved surgical skills for minimizing the surgical trauma and per-operative bleeding could help to reduce the need of peri-operative blood transfusions.
In conclusion this study implies that vaginal cleansing using chlorhexidine solution does not reduce the risk of postoperative infectious morbidity significantly. On the contrary, vaginal cleansing using saline solution seems to be encumbered with a higher risk of postoperative infectious morbidity. Some risk factors for postoperative infectious morbidity seem to be preventable. To further reduce postoperative infectious morbidity after hysterectomy large controlled randomized studies should be encouraged to determine the efficacy of prophylactic antibiotics combined with measures of reducing risk factors.
